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the cleavage-planes over an extended region, but that was with the
supposition, since abandoned, that the cleavage-planes were the
actual surfaces of shearing : the amended theory gives much less
satisfactory results. Thus, let 0 be the angle between the cleavage
and shearing planes at any given place; then it is easy to prove that
tan 0 = V- .
a
This shows that where the shearing and consequent distortion are
slight, the angle between the directions of shearing and cleavage
will be nearly 45°, and although it is less for a greater amount of
shearing, still, even when the shear is so great as to produce a dis-
tortion in which a — 6c, the angle 0 is as much as 22°. 12 . If we
imagine a tract of rocks upheaved to a considerable height and
partially settling down with a shearing motion, and if we believe
with Mr. Fisher that such, shearing is the cause of cleavage in the
rocks, it appears from the foregoing formula? that the result should
be similar to that depicted diagrainmatically in the figure. At the
points A, G, E, there is no shearing and therefore no cleavage; in
the neighbourhood of these points there are broad bands of rock
with no sensible cleavage-struotui'e. Passing beyond these bands,
the planes of ill-developed cleavage have a hade of about 45° : the
cleavage becomes gradually more marked and its hade slightly
steeper towards the points B, T>, where the shearing is greatest; and
near these points the distortion of fossils is greatest and the angle
the cleavage-planes make with the vertical is least.
Now I submit that all this is very different from anything recorded
as occurring in nature. I have supposed the planes of shearing
vertical; if they are inclined outwards as in the figure on p. 275,
the discrepancy between theory and observation is still more marked,
for the hade of the cleavage-planes from the vertical is then greater.
IV.—WATER SUPPLY FROM THE BAGSHOT AND OTHER STRATA. (NO. 2.)
By the Rev. A. IRVING, B.SC, B.A., F.G.S.,
of Wellington College.
DURING the year 1883 I gave some account, in the pages of thisMAGAZINE,1 of the peculiarities of the water drawn from the
Bagshot strata of the London Basin. The most important con-
clusion drawn in that paper from the evidence adduced was the great
difference in the quality of the water according as it is obtained
either (a) from the bright ferruginous sands of the Upper Bagshots,
or (b) from the Middle or Lower Bagshot strata, which are all
contaminated (more or less) by vegetable matter in various stages
of decomposition. So far as the evidence in my possession a year
ago seemed to carry me, I felt warranted in making the following
generalization : " The whole of the well-water of the district
which common human experience pronounces wholesome is ob-
tained from the Upper ferruginous sands." This has been confirmed
by additional facts more recently learnt.
1
 Vide GEOL. MAG. 1883, Dec. II. Vol. X. pp. 404-413.
DECADE III.—VOL. II—NO. I. 2
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18 Rev. A. Irving—Water Supply from the Bagshot Beds, etc.
A. good instance of the purity of water drawn from the Upper
Sands is found in the well at Finchampstead Rectory. This well
is about 50 feet deep, and the geological structure of the district
shows that the well reaches the water-bearing level of the passage-
beds between the Middle and Upper Bagshot strata, the water being
held up by the clayey strata which occupy a high horizon in the
Middle Bagshot Series.1 The water from the well is so pure and
soft that I can only compare it with water drawn from the crystalline
rocks of the Alps above the glaciers. It has only mere traces of
mineral matter; it does not become turbid by exposure to the air ;
and it does not take up iron in solution from pipes or boilers con-
structed of that metal, and precipitate it afterwards as peroxide, on
exposure to the air, as the water from the strata lower down does.
This of course we ascribe at once to the absence of vegetable-matter
in solution in the water. But now comes an interesting distinction
which must be drawn. Though the generalization referred to above
has had its truth amply confirmed by later facts, the converse of the
proposition is only true within certain limits; that is to say, we
have no right to assume that all the water drawn from the Upper
Bagshot Sands is pure and wholesome. Experience shows us that
many wells, which penetrate into the Upper Sands only, yield water
loaded with vegetable-matter in solution. An example of this is
found at my own house. The water is drawn here from a well
17 feet in depth, and I have made quite sure, from the levels of
the country as laid down by the Military Ordnance Survey, as well
as from actual excavations, that the well does not penetrate any but
the Upper Sands, which theoretically, and so far as the evidence
given in my former paper seemed to carry us, ought to yield good
water. Yet after the well had been disused for a time, the water
was putrid, and could only be characterized by its smell and other
properties as ' bog-water.' A little reflection soon showed that this
was due to the sltallowness of the well combined with the close
•proximity of a portion of the ancient forest-lands of this region; so
that within a few yards of the well on two sides there remained a
dense coating of peaty matter covering the surface of the ground,
clothed with a dense growth of heather, moss, and lichen. By
clearing a portion of the ground, and by opening the well per-
manently to the air, the water has been so far improved as to have lost
its offensive smell and taste. It still, however, is so much charged
with vegetable-matter in solution, as shown both by chemical tests,
and by the amount of iron which it takes up (especially when heavy
rains follow a period of drought) from the kitchen-boiler, as to be
objectionable for dietetic purposes. Facing the difficulty, I have
discovered a process (the details of which are known at present only
to myself and the Patent Office) whereby the water can be made
as clear, pure, and palatable as water drawn from the crystalline
rocks ; the water from my well being (after treatment) as good in
every way as that from the deeper well at Finchampstead Rectory
1
 See communication by the author to the Geologists' Association, " On the
Bagshot Strata of the London Basin," Proc. Geol. Assoc. vol. viii. Ko. 3.
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cited above. Comparing these two typical instances with others of
similar nature in the district, we may say generally that it is only
where the old forest-lands of the district have been for some time broken
up and cultivated, or where, beginning on high ground, a considerable
depth of the Upper Sands (perhaps 30 feet at least) is pierced, that
water free from considerable pollution by vegetable-matter in solution
can be obtained. It must be recollected that pollution of this nature
is quite a different thing, and is easily distinguished, from pollution
by sewage, or by manure spread upon an adjoining garden, to which
of course all such shallow wells are liable in an exceptional degree
in a district where the subsoil is of such a porous character as it is
in the district under consideration. I may also add that the same
means, by which I have succeeded in removing all vegetable pollution
from water drawn from the shallow well quoted above, are available
for the pui'ification of the water drawn from the Middle and Lower*
Bagshot Strata as well as of water collected by gravitation from
open moorlands, or drawn off from natural lake-basins.
In 1850 the famous engineer Rennie collected a large amount of
information on" the water-bearing capacity of the Bagshot Sands, and
in his Report1 to the Chairman and Directors of the New River
Company he states that " water obtained from siliceous sands, such,
as those which cover the tract referred to, is proved to be of a quality
only equalled in excellence by the water derived from mountain
granite rocks, or slate rocks, or other surfaces of the primitive for-
mations." This statement we have seen to be true only to a limited
extent: it is true for water obtained from 'siliceous sands' which
are free from organic debris, but it is not true for a large portion of
the ' siliceous sands' of the Bagshot Series, since these are highly
charged with organic matter of vegetable origin. Further on (p. 5)
he states that analyses show that the samples of water obtained from
the Bagshot Sands are " the purer, the nearer they are collected to
(he actual rainfall at the surface." This is now easily accounted for,
so far as it is true, by the presence of organic matter in the deeper
strata, which we may now consider to have been abundantly proved;
but the facts which I have described above show that it is only true
fur those portions of the district where the old forest-lands have been
for some time broken up and brought under cultivation. On p. 7
Rennie quotes Mr. Prestwich as an authority for stating that " these
sands are not entirely devoid of organic matter." This however is
understating the facts, since the evidence adduced in my former
paper shows that many of these sands are loaded with it; and since
that was written I have been astonished to see the amount of lignite
in a fragmentary state which has been brought up from some exca-
vations in the Middle Bagshot Strata. And the lignite is most
abundant where the grains of the sand are invariably coated -with.
green, olive-green, and black colloid matter. All references to
" green silicates," which were supposed to exist in a granular form
1
'" Report of Mr. George Eennie on the Supply of Water to be obtained from the
District of Bagshot," London, I860.
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in these sands, we may, in the light of our present knowledge, pass
by without further notice.
In an account of a series of analyses which is appended to Mr.
Rennie's Report, and signed William Thomas Brande, much stress
is laid upon what is primd facie a serious objection to the use of soft
water for dietetic purposes. It appears that the experimental evi-
dence goes to show that metallic lead is dissolved from the walls of
conduit-pipes much more readily by soft than by hard waters ; and
it is assumed, without any direct evidence being adduced, that this
is due to the mere fact of the ' softness ' of the water ; that is to say,
to its freedom from calcareous salts in solution. The experiments
appear however to have been tried with the native unpurified waters
of the Bagshot district; we are therefore justified in asking whether
the solvent power of these soft waters for lead is due, not to the mere
absence of calcareous salts, but to the presence of organic matter in
solution. The sources of such organic matter in waters drawn by
gravitation from the open surface of a country district are obvious
enough, as, for example, in the case of the *water supplied to the
city of Manchester, which is drawn from the open moorlands of
North Derbyshire, or in the case of the water furnished to the town
of Birmingham, the greater part of which is collected by gravitation
into the vast basins which are to be seen in the parish of Shustoke.
We must not overlook the fact that where calcareous salts are absent
in soft spring or well waters, there is so very often a quantity of
vegetable-matter present in solution, owing to the difference in the
conditions under which so many water-bearing siliceous sedimentary
strata have been deposited, as compared with the conditions under
which the calcareous sedimentary deposits were formed, that we
may fairly ask the question whether it is not entirely due to the
presence of the vegetable acids that ' soft' waters owe their superior
corrosive action on metallic lead. An affirmative reply to this
question is suggested by the fact that when crenic acid is present in
solution as an alkaline salt, it can be precipitated by acetate of lead
(Berzelius), the stronger acid going over to the stronger base, and
being itself replaced by the weaker acid. Further experimental
evidence however is required as to the direct action of the " humus
acids " upon metallic lead ; here it would be out of place to do more
than correct Mr. Brande's inference, by simply following his own
mode of testing.1 Granulated lead was exposed for twenty-four
hours in four test-tubes filled respectively with :—
(1) Natural unpurified ' soft' water from the Bagshot Sands ;
(2) The same water as in (1) purified from vegetable pollution ;
(3) Ordinary distilled water ;
(4) Distilled water de-oxygenated by boiling for half an hour.
The results observed were that a very decided turbidity was pro-
duced in sample No. 1, while all the other three retained the
perfect clearness of distilled water. It must be added that the
sample No. 1 was previously cleared of all suspended matter by
filtering, so that before the lead was placed in it, this sample was
1
 pp. 15, 16 (ibid).
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as clear to the eye as the other three were. It is better-to reserve
further discussion of this subject for another place : so far as the
experimental evidence here cited goes, it would appear that Mr.
Brande's fallacy (and that of those who have followed him) consisted
in overlooking the action of vegetable acids present in solution in
the samples which he examined from the Bagshot district.
" Many of those waters which act upon lead," says Mr. Brande at
p. 20, " are also apt to derive contamination from iron, when con-
ducted through pipes of that metal." This is notoriously the case
with the Bagshot waters, as I pointed out in my previous paper;
and, in the light of later experience, I do not hesitate to affirm that
by far the greater portion of the iron contained in the ochreous pre-
cipitate, which these natural waters, after passing through iron pipes,
deposit on exposure to the air, is taken up in solution by the direct
action of the vegetable acids in the water upon the metal of the
pipes. This fact, coupled with the generalization of Mr. Brande
quoted above, affords indirect but strong support to the theory, that
it is only to the frequent presence of the ' humus-acids' in soft
natural waters that we can fairly attribute danger arising from the
superior corrosive action of ' soft ' waters upon lead. This however
fails at once as an objection to the use of such waters for dietetic
purposes, when we come to know that such vegetable pollution of
water may be easily removed before the water is led through metal
pipes.
In my former paper I pointed out that we seldom or never see in
returns by professional analysts any note as to the nature of vegetable
pollution of water, though the presence of such matter is frequently
indicated. It would be well if in all cases the presence or absence
of vegetable pollution were stated, the term 'organic matter' not
being sufficiently definite. Under cover of the latter term I have
known a writer covertly suggest the befoulment of a certain water
obtained from peaty sources with something of a far more serious
nature than vegetable matter, when he knew all the time the real
facts of the case. It would also be well if regard were had, in all
cases of analysis of supposed potable waters, to the time which elapses
between the collection of a sample and its systematic examination.
All statements then as to presence or absence of odour, ' flocculent
matter ' deposited, etc., would admit of a more definite interpretation
than they do unaccompanied by such data ; since, however well a
bottle may be stopped, it is quite impossible to have filled it with,
water, without the water absorbing a certain amount of free oxygen
from the air, if it is not already fully oxygenated. This remark
applies of course in an especial manner to water drawn from deep
wells. In illustration of this point I may refer to a case of a well,
the water of which is certified by a professional analyst to be " very
free from organic pollution"; yet this water fresh from the well
has the taste and smell peculiar to vegetable pollution in a high
degree, gives an ochreous deposit after being passed through iron
pipes, and is found on examination to contain a very considerable
quantity of the humus-acids in solution.
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Thus far our consideration has been almost entirely confined to
the Bagshot strata and the water furnished by them. Pollution of
water by vegetable-matter in solution is not, however, confined to
these strata, or even to strata of Tertiary age. All the way down
the Secondary Series conditions of a similar nature recur at intervals
and in different areas: in fact, it is to the later Palaeozoic Eocks
that we have to go to find in the Coal-measures the maximum of
vegetable debris sealed up in the sedimentary strata. Of course in
the coal-seams carbonization has proceeded to a greater extent, and
the remains of ancient vegetation are presented to us in a more
massive form ; but between the two extremes there are many
degrees, and it seems quite impossible to assign any limits to the
time, even in a geological sense, that vegetable debris may remain
undestroyed, if it is sealed up hermetically in the strata of the
earth's crust, and thus protected from the action of atmospheric
oxygen. Several instances of water drawn from various horizons
ia the Secondary rocks and at the same time highly charged with
vegetable acids in solution, have come before my notice within the
past year.
1. Some time ago my attention was drawn to three wells in the
Wallingford district which draw water from ttie strata below the
Chalk. One of these is the new well at the Lunatic Asylum at
Moulsford, the other two are in the town of Wallingford. The water
from one of the latter is loaded with vegetable-matter in solution,
especially in the form of crenic acid ; the other two wells are pretty
free from it. A comparison of the sections of the three wells, which
I have been able to make through the courtesy of Messrs. Le Grande
and Sutcliffe, of Bunhill Fields, who bored the wells, shows that
the well which yields water heavily charged with crenic acid, etc.,
passes through a stratum of dirty dark-green sand, which is altogether
wanting in the other two sections. This sand has the character of
those impure Bagshot Sands of which I have already said a good
deal, and the water drawn from the well is polluted just in the same
way as water drawn from the Middle and Lower Bagshot strata is
contaminated. No fossils turning up, it is not easy to determine the
exact horizon from which the water of these three wells is drawn.
The section of the well which yields- impure water is as follows:—
1. Sand and gravel (river alluvium) ) ft. in.
2. Clay, light blue and loamy > about 22 0
3. Hard light grey rock (Upper Greensand) )
4. Stiff grey clay (Gault) 20 0
5. JJark green sand , 0 6
6. Hard rock (sandstone) 2 0
Total 44 6
Comparing this with the description given by Prof. Phillips' of
a section at Culham not very many miles distant, it seems extremely
likely that the 'hard rock' or sandstone pierced by this well for
two feet at the bottom is none other than the sandy cap of the
Kimmeridge Clay, and that the Lower Greensand is represented in
1
 Vide Geology of Oxford and the Valley of the Thames, p. 427.
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the well-section at Wallingford, as it is in the Culham section, by a
lew inches only of dirty green sand. It is possible that the well in
question has tapped an underground reservoir consisting of an
ancient lagoon-deposit or silted-up lake; and if this be the case,
the pollution of the water with vegetable-matter is accounted for.
The absence of the whole of the Portland and Purbeck series, and
the extreme attenuation of the Lower Greensand, gives countenance
to such a hypothesis.
2. Going further north, to the little town of Brackley in North-
amptonshire, we meet with phenomena somewhat similar to those
just described. Here too there is a considerable break in the
geological series, as the Great Oolite rests generally in the district
upon the ferruginous sands which cap the Upper Lias Clays. That
the rich deposit of ironstone, known as the Northampton Sands, owes
in part its existence to the agency of vegetable acids, I have little
doubt;l but the fact which bears immediately upon our present sub-
ject is the occurrence, in the section of the well at the Brackley
Waterworks, of twelve feet of " running sand," taking the place of
the more highly ferruginous deposits which are commonly met with
at this horizon. Nearly one-half (the lower half) of this running
sand is of the same character as the dirty green and grey sands of
the Bagshot series. A copious supply of water was obtained here,
but it was found to be so objectionable as to quality, that it was
rejected for the use of the town, and the well was continued down
another 100 feet, until it penetrated the more calcareous rocks of
the Middle Lias. The water obtained from the sand at a depth of
63 to 75 feet (the whole depth of the well being now 175 feet) was
described to me as being ' brackish' ; and there seems little room
for doubt that a careful examination of it would have shown it to be
polluted with vegetable - matter in solution. Even the water
pumped up from the Middle Lias is not quite free from this, and
being at the same time slightly charged with bi-carbonate of lime,
it deposits a curious amorphous precipitate resembling kaolin in
appearance, inside the engine-boiler. This deposit is found to
contain some carbonate of lime, but is mainly composed of silicate
of alumina, the latter being in all probability precipitated by the
decomposition, during the process of digestion which goes on within,
the boiler, of double soluble salts, formed by the combination of
silica and the ' humus-acids ' with alumina as a base.2
Looking at the facts of the two cases now cited, we find a certain
resemblance between them. In both cases there is a break in the
normal geological succession of the strata, and this of course implies
more or less of erosion of the lower series at both places. Under
such conditions it is extremely likely that in hollows formed by
such erosion there should have been accumulations of such coarse
sandy materials as are characteristic of shallow waters, and that along
1
 Comp. my paper, On the Coloration of some Sands, etc., in the Report of the
British Association, 1883.
2
 I am indebted to the courtesy of Sir George Bannerman, Bart., in bringing the
facts connected with the Brackley well under my notice.
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with such materials much vegetable debris should have been brought
in some instances from the adjacent land-surfaces, or accumulated
from the decay of aquatic and marsh plants in the well-known
process by which lakes are often filled up with sandy and peaty
matter. The twelve feet of sand in the section at Brackley may
represent the ' Midford Sands,' the ' Cephalopoda Bed ' of the Cots-
wold country being absent in this part of England. Whatever their
history, it is their petrological character which concerns us here.
3. At Evenley, about a mile from Brackley, there is a well thirty
feet deep, which receives its water from the strata of the Great
Oolite, and this water is contaminated by vegetable-matter in solu-
tion. This is proved, not only by the direct precipitation of crenic
acid from the water in considerable quantity, according to the method
given (from Berzelius) in Watts' Dictionary of Chemistry, but also
by the presence of a high percentage of albumenoid ammonia, while
there is the merest trace of free ammonia, and the amount of chlorine
is very small, not more than l-3grs. per gallon.1 It should be added
that the water of this well was examined, when it had an unusually
strong smell betokening vegetable pollution, soon after the heavy
rains, which followed upon the long period of drought experienced
in the early part of the summer of last year. In this case too the
water has been found capable of purification by the process, to which
I have referred above. This well probably penetrates a dirty bed,
such as was passed through in the Brackley well at a depth of from
thirty-one to forty-one feet, interbedded with the limestones and
marls of the Great Oolite. One fact in connexion with the water of
this well puzzled me for a time: the water, when heated and drawn
from the kitchen-boiler, was not discoloured in the slightest degree
by iron, as is the case with soft water contaminated by vegetable-
matter in solution. This was ultimately explained by the fact that
the calcareous hardness of the water has produced a lining of carbo-
nate of lime, owing to the decomposition by heat of the bicarbonate,
which the water brings in solution from the Oolitic strata. The
failure of the vegetable acids in this case to take up iron results
therefore from the fact of non-contact between the water and the
iron. The fact throws additional light upon the theory of Mr.
Brande and others, on which some remarks have been made above.
In the light of our present knowledge we may hazard a provisional
generalization, which will lead us to look for vegetable contamination
in many cases of water drawn from such levels as are marked by
any considerable break in the normal succession of the strata : such,
for example, as that which occurs so often all down through the
Vale of Wardour, and down to the coast of Dorsetshire, the
Cretaceous series resting unconformably upon various members of
the Mesozoic strata, down even to the Trias.
We must return for a further brief consideration of the Bagshot
strata. In the pursuance of my observation upon these strata in
East Berkshire, the conviction has gradually grown up in my own
mind, that the relative distribution of the different members of that
1
 Comp. 'Wanklyn's Water Analysis, 5th ed. 1879, p. 49.
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series is not accurately delineated on the map (now somewhat
antiquated) of the Survey. I have not yet completed the evidence
so far as to warrant me in bringing it forward in a more formal
manner ; but, in brief, the conclusion at which I have provisionally
arrived is that a far greater horizontal distribution of the Upper
Bagshot Sands exists, than is represented on the map. The passage-
beds from the Middle to the Upper Bagshot strata have certain
physical characters recognizable by those who have made a special
study of the district; and by these means one can make out pretty
well an identity, as to horizon, of the sands, etc., exposed resting on
the eroded surface of the London Clay, at "Wokingham in one direc-
tion and at Aldershot in the other, with the strata exposed in the
railway-cuttings near Wellington College Station.1 The continuity
of the Upper Sands had been greatly destroyed by denudation; but
that is no proof that there was not once a continuous deposit of them,
covering up completely the Middle and Lower series, overlapping
these, and extending itself upon the eroded surfaces of the London
Clay, which must have flanked the great estuary in which these
Upper Sands were accumulated. All the physical characters point
to the deposition of the Middle and Lower series having taken place
under conditions which prevailed in the marshes and lagoons of an
extensive delta; while the absence of all indications of such con-
ditions in the Upper Sands, and the presence in them in places of
great numbers of ferruginous casts of marine shells, seems to record
the fact (taking the negative evidence with the positive) that the
period represented by the Upper Sands was marked by a gradual
subsidence, which led to a much greater extension of the area of
deposition (in the London Basin) and an encroachment of marine
waters. We seem justified then in regarding the Upper Bagshot
Sands as a true estuarine deposit; and it will be seen at once, that this
fact is of considerable practical importance as bearing upon water-
supply, and should be borne in mind in the selection of sites for
new wells, and in determining the depth to which such wells should
be dug, in the Bagshot District.
V.—GULF STREAM DEPOSITS.
By T. MELLARD READE, F.G.S.
npHE interesting and important results of the dredgings by the
J U. S. Steamer Albatross2 between July and September 1884,
should not be allowed to pass without notice by geologists.
In N. lat. 39° 46' 30", W. long. 70° 14' 45", large blocks of sandy
clay, some weighing 100 lbs., were brought up. " It was estimated
about a ton was brought up." The depth was 1060 fathoms.
In 1168 fathoms N. lat. 38° 27', W. long. 73° 02', the dredge
brought up " a large quantity of masses of hard but sticky greenish-
blue clay, some masses varying to yellowish and buff colours."
These depths of the sea, which are both over a mile, and from 100
1
 Compare Proe. Geol. Assoc, loc. cit.
2
 Marine Fauna and Deep-sea Deposits off the Southern Coast of New England,
by A. E. Yerrill.—Amer. Journ. of Science, November, 1884.
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